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[57] ABSTRACT 

A two speed gearbox comprises an input shaft, an out- 
put shaft and a reduction gear mechanism, such as an 
epicyclic gear mechanism, having high speed low 
torque and low speed high torque output drives. A dog 
clutch connects the high speed output drive to the out- 
put shaft when the clutch is fully engaged. A slidable 
coupling is rotatable with the low speed output drive 
and is movable between a first position in which it is 
disconnected from the output shaft and a second posi- 
tion in which it is connected to the output shaft for 
driving the latter. A w.eak spring urges the slidahle 
coupling towards its second position and means, such as 
a strong compression spring, urges the clutch members 
of the clutch in to full engagement. A radial flange on 
the driven clutch member and balls held captive with 
the slidable coupling interact to maintain the slidable 
coupling in its first position against the urging force of 
the weak spring while the clutch members are main- 
tained in full engagement by the compression spring. 
However, when the torque applied to the output shaft 
exceeds a predetermined value the clutch members will 
begin to part and the slidable coupling will engage the 
output shaft. When the coupling is fully engaged with 
the output shaft the balls and radial Qange will interact 
to maintain the clutch members fully out of engage- 
ment. 

14 Qaims, 9 Drawing Figures 
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shaft and a second position in which it is connected 

TWO SPEED GEARBOX thereto for driving the output shaft; 

means for urging the slidable coupling towards its 

BACKGROUND TO THE INVENTION second position; 

1. Field of Invention ^ means for releasably maintaining the clutch members 
This invention relates to a two speed gearbox and to engagement; • • ^ 

a power tool incorporating such a ^^x. for m^taimns the slidable couphng m its first 

2, Description of Prior Art position agajnst the forc^ of sai^^ 

A I ^ ^ ^ • J • clutcn members are mamtained m full eneasement: and 

A known two speed gearbox mcorporated m a nut ,« r • • t . i. 

nifininff •v^™r t.iTt. H-e^K^ 5- fT V mamtamfflg thc clutch membcfs fully out 

SST/ l^^^i^ ^' ^'^♦^'^i^; of engagement when the slidable coupling is in its sec- 

808983. This knoMm gearbox comprises a two speed ^Stion; 

^icycUc gear mechan^ alippmg clutch which characterized b that the clutch, the urging means, 

transmits the highw speed dnvc and a free wheel or ^nd tiie maintaining means arc e«fcctive in both direc- 

over-runmng clutch which automaticaUy connects the 15 tions of rotation of the input shaft, 

spindle of the nut-engaging device with the lower speed Preferred and/or optional features of the invention 

dnvc when the first mentioned clutch shps. It has two are described hereinafter. 

major disadvantages. Firatiy it cannot operate in re- The invention also provides a power tool having a 

verse. This is a scnous drawback in modem machine motor and a gearbox according to the invention housed 

tools where it is often a requirement to tighten a nut to 20 in a common casing. 

say about 80% of its final torque, and then undo the nut The reduction gear mechanism may be an epicyclic 

before running it down to its final torque. Secondly, the gear mechanism, preferably comprising a sun gear, a 

clutch members of the slipping clutch are never ftiUy planet carrier, a fixed ring gear, and a plurality of planet 

disengaged when the gearbox is operating at the lower gears rotatably supported by the planet carrier and 

of Its two output speeds. This creates undesirable noise 25 engaging with the sun gear and thc fixed ring gear, the 

and damage to the clutch members. input shaft of the gearbox and the high speed output 

U.K. Pat No. 987,209 corresponding to U.S. Pat No. <irive of epicyclic gear mechanism being connected to 

3,187,860, describes a two speed gearbox with a reduc- the sun gear and the low speed output drive of the 

tion gear which has a high speed low torque output epicyclic gear mechanism being connected to the planet 

drive and a low speed high torque output drive. A ^ carrier. 

torque sensitive clutch connects the high speed output invention will now be more particularly de- 
drive to an output shaft and includes a driven member in scribed, by way of example, with reference to the ac- 
the form of a transverse pin which is movable along companying drawings. 

helical slots in the output shaft A sUdable coupling. ^KSEF DESCRIPTION OF THE DRAWINGS 

rotatable with the output shaft and pcnnancndy en- " 

gaged by the transverse pin, is movable between a first ^ longitudinal cross-sectional view of one 

poation in which it is disconnected from the low speed embodiment of a two speed gearbox according to the 

output drive and a second position in which it is con- Present mvention, the section being taken along line 

nected to the drive in order to drive the output shaft. A ^"i^^ \ 

compression spring releasably maintains the clutch in . ^^^i ^js a firagmentary longitudmal cross-sectional 

engagement and also maintains the sUdable coupling in f ^ °f 

its first position while the clutch is engaged. The trans- E'^' - . • 1 • . , 

verse pin running in the heUcal slots maintains the ^J^x^vl^p «<'^-*ecUonal view taken along hne lU- 

clutch fuUy out of engagement when the sHdable cou- Jr ° ^' ....... 

pling is in its second position. A disadvantage of this * cross-section view taken along hne 

arrangement is that the pin is used both for torque trans- cf ^ e • . , , , . . r , , 

mission, at both speeds, and for moving the sUdable .f^i^J ^ ^ <=«^'=«'°" ^^^en along hne V_V 

SIa!^!' oT?i?'^'^JlS.?*J° « fragmentary elevational view showing in 

h^h^nsk of failure. The gearbox cannot operate m re- jq „^ apertuies in the slow speed o^ut 

drive of the epicyclic gear mechanism of RG. 1; 

BRIEF SUMMARY OF THE INVENTION FIG. 7 is a fragmentary elevational view showing the 

^ ^ . ^ . , , o speed clutch assembly of FIG. 1; 

coI^iL ''''^ FIG.SisalongitudimUcro^sectionklviewofpartof 

« lu-ft A *- * 1. 55 another embodiment of a two speed gearbox according 

an input shaft and an output shaft; to the invention; and 

a reduction gear mechamsm drivabic by die input HG. 9 is a longitudinal cross-sectional through a 

shaft and having a high speed low torque output drive control top and part of a motor assembly for use with 

and a low speed high torque output dnve; the gearbox of HG. 8. 

a clutch having driving and driven clutch members, 60 

one of which is axiaUy movable relative to the otiier, the DETAILED DESCRIPTION OF PREFERRED 

clutch connecting the high speed output drive to the EMBODIMENTS 

output shaft when the clutch members are fully en- Referring firstly to FIGS. 1-7, the gearbox shown 

S^Sed; therein has a casing 10 formed in three parts which are 

a shdable coupling rotatable with one of the low 65 screw-threadably connected together. The casing 10 

speed output drive and the output shaft and movable houses an epicyclic gear mechanism 11, a high speed 

between a first position in which it is disconnected from clutch assembly 12, a slidable coupling 13 and an output 

the other of the low speed output drive and the output shaft 14. 
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The epicyclic gear mechanism 11 comprises a sun 
gear 15 provided on a shaft 16 which serves both as an 
input shaft and as a high speed output drive of the gear- 
box, a fixed ring gear 17 formed on the casing 10, a 
planet carrier 18 joumalled for rotation in bearing 19» 5 
and two planet gears 20 mounted for rotation on respec- 
tive planet spindles 20' in the planet carrier 18. Tlie 
planet gears 20 co-operate with the sun gear 15 and 
fixed ring gear 17 to drive the planet carrier 18 in the 
same direction of rotation as the sun gear 15 but at a 10 
much reduced speed 

The planet carrier 18 has a tubular extension forming 
a hollow shaft which serves as a slow speed output 
drive 21 of the epicyclic gear mechanism 11. 

The output shaft 14 is joumalled for rotation in bear- IS 
ings 22 and 23. The rear portion of the output shaft 14 
is generally cup-shaped and at its rearmost end it ex- 
tends into the output drive 21 so as to act together with 
the bearing 19 to support the planet carrier 18 for rota- 
tion in the casing 10. The output shaft 14 is fixed against 20 
axial movement in the casing 10 by the bearing 22, a 
shoulder 24 on the output shaft, and circlip 25. The 
planet carrier 18 is fixed against axial movement in the 
casing by the bearing 19 and the output shaft 14. 

The high speed clutch assembly 12 is accommodated 25 
within the slow speed output drive 21 and the generally 
cup-shaped rear end of the output shaft 14. The clutch 
assembly 12 comprises a driving clutch member 26 and 
a driven clutch member 27 which have mutually en- 
; gageable inclined dogs 28 and 29, respectively, (see 30 
FIG. 7). The driving clutch member 26 is fixed against 
axial movement by a thrust bearing 30 and a circlip 31 
and is splined to the shaft 16 for rotation therewith. The 
driven clutch member 27 is urged into engagement with 
the driving clutch member 26 by a compression spring 3S 
32 and has external splines 33 which remain in perma- 
nent engagement with internal splines 34 on the output 
shaft 14. The compression of the spring may be varied 
by a screw 35 and pressure plate 36. 

The slidable coupling 13 is in the form of a sleeve. 40 
Three balls 38 are held captive in respective holes 39 in 
the sleeve 13 by the driven clutch member 27 (see 
nOS. 1 and 5). 

At its rear end, i.e. its end remote from the output 
shaft 14, the slidable coupling 13 has three equi-angu- 45 
larly spaced teeth 40 which are arranged so that in the 
rest position of the gearbox they are positioned cen- 
trally between three equi-angularly spaced teeth 41 on 
the slow speed drive 21 (see in particular FIG. 4). The 
teeth 40 and 41 are arranged to allow approximately 26 50 
degrees of angular movement of the coupling 13 rela- 
tive to the slow speed drive 21 in either direction from 
the rest position shown in FIG. 4 for a purpose which 
will become apparent later. 

At its other end, the coupling 13 has a fine toothed 55 
internal spline 42 which is arranged to mate easily with 
a fine toothed external spline 43 on the rear end of the 
output shaft 14. 

As shown in the drawings the coupling 13 is in a first 
position in which it splines 42 are fully disengaged from 60 
the splines 43 on the output shaft. The coupling 13 is 
urged towards a second position in which the splines 42 
mate with the splines 43 by a weak compression spring 
44 and plunger 45 housed in the planet carrier 18 (see 
FIGS. 2 and 3). However, the compression spring 32 is 65 
much stronger than the spring 44 and consequently in 
the rest position of the gearbox the coupling 13 is held 
in its first position by engagement between a radial 
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flange 46 (see FIG. 7) on the driven clutch member 27 
and the balls 38 which as previously described are held 
captive with the coupling 13. 

As will be seen from FIGS. 1 and S, the balls 38 
extend through respective apertures 47 in the slow 
speed drive 21. As will be seen more clearly from FIG. 
6 these apertures have two generally helical edges 48 
and 49 of opposite hand and a circumferentially extend- 
ing edge 50 bordering that side of the aperture adjacent 
to the output shaft 14. The purpose of the edges 48 and 
49 will become apparent later but for the moment suf- 
fice it to say that in the rest position of the gearbox the 
balls 38 lie adjacent to the adjoining ends of the two 
edges 48 and 49 of their respective apertures. 

The above described gearbox may have numerous 
applications but it is primarily (but not exclusively) 
intended for use in a power tool and especially a nut 
runner or screwdriver. 

Experience has shown that such tools operate most 
efficiently if the first part of the motion is conducted at 
high speed and relatively low torque and the last part of 
the motion (when the nut, screw or the like is nearly 
home) at a lower speed and higher torque until the 
motor stalls or is switched off. 

In operation the shaft 16 is driven by a motor, which 
will be housed in a rearward extension of the casing 10, 
via reduction gearing. Daring the first part of the mo- 
tion the output shaft 14 will be driven at the same speed 
as the shaft 16 and sun gear 15 by the high speed clutch 
assembly 12. During this time the planet carrier 18, slow 
speed output drive 21, and slidable coupling 13 will all 
rotate at a much lower speed determined by the number 
of teeth on the sun gear, planet gears and ring gear of 
the epicyclic gear mechanism, with the balls 38 of the 
slidable coupling 13 rolling on the outer surface of the 
driven clutch member 27. 

When the torque applied to the output shaft 14 ex- 
ceeds a predetermined value set by the compression of 
spring 32 the driven clutch member 27 will move away 
from the driving clutch member 26 under the effect of 
the inclined surfaces of the dogs 28, 29. This will release 
the balls 38 sufficiently to allow the spring 44 and 
plunger 45 to cause the coupling 13 to move forward 
until the fine toothed splines 42 come into engagement 
with the fine toothed splines 43 on the output shaft 14, 
halting the rotation of the coupling 13. The slow speed 
drive 21 will consequently rotate relative to the cou- 
pling 13 and one of the helical edges 48, 49 of each 
aperture 47 in the slow speed drive 21 will engage its 
respective ball 38 and the balls 38, the coupling 13 and 
the driven clutch member 27 will be pushed forwards 
until the splines 42 fully co-operate with the splines 43. 
At this stage the teeth 40 on the coupling 13 will come 
into contact with the teeth 41 on the slow speed drive 
21 and the output shaft 14 will be driven at the same 
speed as the planet carrier 18 until the motor eventually 
stalls or is switched off or reversed. The driven clutch 
member 27 is held fully disengaged from the driving 
clutch member 26 by engagement between the balls 38 
and the flange 46 on the driven clutch member. 

If the load on the output shaft 14 is released, then the 
force of the spring 32 will overcome the force applied 
to the balls 38 by the helical edges of the apertures 47. 
The driven clutch member 27 will be pushed back into 
engagement with the driving clutch member 26 and the 
coupling 13 will be disengaged from the output shaft 14. 
Consequently, the gearbox will revert to a 1:1 ratio. 
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TTie gearbox described above has the additional ad- change has occured. If this signal is not required* then 

vantage that it will operate equally well in either direc- port 62 is plugged. 

tion. Indeed when used in a nut running tool it is possi- To reset back into high speed the torque at the output 

ble to run the nut down to say about 80% of its final shaft 14 has to be reduced sufficiently, and the pressure 

torque to remove all bum, and then undo the nut by 5 at port 63 cut and exhausted. This will allow the pres- 

reversing the motor of the tool before running it down sure at port 61 to return the piston 58 to its home posi- 

to its final torque. Such an operation could be achieved tion, engaging the high speed ratio. 
automaticaUy using torque sensors and a motor control 

unit (3) Controlled Change high to low 

FIG. 8 shows another embodiment of the gearbox in 10 : Auto Change low to high 

which the compression spring 32, screw 35 and pressure ... 

plate 36 arc replaced by a location plate 51, a thrust ^ ^ supplied to port 61 at a sufficient pressure to 

bearing 52 and a pressure plate 53. Moreover, a tie rod prevent the clutch members 26 and 27 from parting. Air 

54 is attached to the pressure plate 53 and passes f lower pressure is supplied to port 63, this pressure 

through the shaft 16. The remaining parts of the gear 13 being prevented from entering the cylinder 59, as the 

box of FIG. 8 are identical to the gear box of FIG. 1 and operation sensing valve 60 is closed. With the gearbox 

for ease of reference the same parts them are given the in operation, the application of a load to the output shaft 

same reference numerals. 14 will not cause the clutch members 26 and 27 to pan, 

FIG. 9 shows a remote control device and part of a as the resistance of the piston 58 is too high. Sufficient 

motor assembly for use with the gearbox of FIG. 8. The 20 applied to the output shaft 14 will cause the motor 

motor is, as shown, a pneumatic motor 55 having associ* to stall in the high speed gear. 

ated inlet and exhaust ports 56 and 57 respectively. The There are two methods by which the unit can be 

tie rod 54 extends through the center of the motor as- signalled to change gear: 

sembly including any reduction gearing and is attached (a) by momentarily catting the signal at pqrt 61. 

by a screw thread to a piston 58 movable in a cylinder 25 (b) by momentarily applying a pressure signal to port 

59 in the remote control device. The length of the tie 62. 

rod 54 is adjusted by the amount it is screwed into the Both of these methods allow the piston 58 to move 

instOT 58 such that when the piston 58 is hard against forward sufficiently, to aUow the operation sensing 

Ac left land end face of the cylinder 59, as viewed in valve 60 to open. This will allow the air at port 63, to 

no. 9, the clutch members 26 and 27 are fully engaged 30 enter the rear chamber of cylinder 59, and to act on the 

and hard against the tl^mt bearmg 30. ^ear face of the piston 58, thereby reducing the pull of 

J^f^' A^u P^/'^^^^^^.oP^tf " the piston 58 sufficiendy to allow die high speed clutch 

valve 60 and the remote control device has three ports 12 to initiate a Rear chiiae 

'^^■^'^fL^^^^'^niT^^^t^^'^^^- Method(a)MrtUallowforasignaltobereceivedfrom 

The remote control device can be operated m anyone ^* « ^u„««r^ 

of four different modes which wiU be described below. ^ ^ gear change. 

Reducmg the torque at the output shaft 14 suffi- 

(1) Auto Change high to low/low to high ciendy will allow the piston 58 to return to its home 

Compressed air is supplied to port 61 of the cylinder ^'^^''J'^ changing the unit back into the high speed 

59, via a pressure regulating valve (not shown), diis ^ ^^o. In die home position the piston wiU be reset to be 

valve being adjusted to cause the piston 58 to be held in ^^^^ influence of the high pressure at port 61 only, 

the retracted position shown, closing the operation (4) Controlled Change high to low 
sensing valve 60. 

With the gearbox in operation, applying a load of ControUed Change low to high 

sufficient torque to the output shaft 14, will cause the High pressure is applied to port 61 as in the previous 

driven clutch member 27 to be moved away from the mode. 

driving clutch member 26. The pressure plate 53 will Widi pressure on the unit is held in the high speed 

move with the driven clutch member 27 and will pull ratio. 

die tie rod 54 and die piston 58 forward. widi pressure off the unit is held in the low speed 

The torque at the output shaft 14 to cause this will be ratio, 

controlled by die pressure applied to port 61 of die It is to be understood that die nut running tools de- 

cy^der 59. ^ ^ ^ . ^ , scribed above do not have to be driven by a pneumatic 

It should be noted diat die piston 58, die tic rod 54, nwtor as any odier suitable motor may be substituted 

and the pressure plate 53, do not rotate, whereas the therefor 

clutch assembly 12 rotate in eidier a LH or RH direc. „ it is ako to be understood that instead of the epicycUc 

•Si"^^' ^ 52 has been gear mechanism 11 any odier appropriate reduction 

provided. mechanism having a high speed low torque output 

(2) Auto Change high to low a low speed high torque output drive could be 

employed* 

ControUed change low to high ^ Moreover, die gearbox could be re-arranged so diat it 
This mode of operation is similar to (1) above but is the driving rather than the driven clutch member 
with the following additions. which is axially movable whilst the driven clutch mem- 
The regulated air supply at port 61 is also supplied to ber is effectively fixed axially. In one embodiment of 
port 63 of the cylinder 59. When the piston 58 is pulled this alternative arrangement, the slidable coupling will 
forward, the operation sensing valve 60 is opened. This 65 be rotatable with the output shaft rather than with the 
will allow the air present at port 63 to flow into the rear low speed output drive. The rear hollow end of the 
chamber of the cylinder 59. At this point an air signal output shaft will be lengthened and the low speed out- 
will be present at port 62; diis will indicate that a gear put drive shortened as compared with the embodiments 
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described above and the helically edged apertiires will 
be arranged in the rear hollow end of the output shaft. 
The slidable coupling will be capable of limited angular 
movement relative to the output shaft and the slidable 
coupling and low speed output drive will have mutually 5 
engageable splines. The driving clutch member will be 
urged towards the driven clutch member by a strong 
compression spring, fluid pressure operated device or 
the like and a weak spring urging the slidable coupling 
towards the low speed output drive will be mounted 10 
relative to the output shaft 
I daxm: 

1. A two speed gearbox comprising: 
an input shaft and an output shaft; 

a reduction gear mechanism drivable by said input IS 
shaft and having a high speed low torque output 
drive and a low speed high torque output drive; 

a clutch having driving and driven clutch members, 
one of which is axially movable relative to the 
other, said clutch connecting said high speed out- 20 
put drive to said output shaft when said clutch 
members are fully engaged; 

a slidable coupling rotatable with one of the low 
speed output drive and the output shaft and mov- 
able between a first position in which said coupling 25 
is disconnected from the other of said low speed 
output drive and said output shaft and a second 
position in which said coupling is connected 
thereto for driving said output shaft; 

means for urging said slidable coupling towards said 30 
second position; 

means for releasably maintaining said clutch members 
in full engagement; 

means for maintaining said slidable coupling in its 
first position against the force of said urging means 35 
when said clutch members are maintained in full 
engagement; and 

means for maintaining said clutch members fully out 
of engagement when said slidable coupling is in its 
second position; 40 

said clutch, urging means, and maintaining means, 
being effective in both directions of rotation of the 
input shaft. 

2. A two speed gearbox comprising: 

an input shaft and an output shaft; 45 

a reduction gear mechanism drivable by said input 
shaft and having a high speed low torque output 
drive and a low speed hi^ torque output drive; 

a clutch having driving and driven clutch members, 
one of which is axially movable relative to the 50 
other, said clutch connecting said high speed out* 
put drive to said output shaft when said clutch 
members are fully engaged; 

a slidable coupling rotatable with one of the low 
speed output drive and the output shaft and mov- 55 
able between a first position in which said coupling 
is disconnected from the other of said low speed 
output drive and said output shaft and a second 
position in which said coupling is connected 
thereto for driving said output shaft; 60 

means for urging said slidable coupling towards said 
second position; 

means for releasably maintaining said clutch members 
in full engagement; 

at least one ball held captive with said slidable cou- 65 
pling; 

a radial flange on said one axially movable clutch 
member, said slidable coupling being maintained in 
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said fu^t position against the force of said urging, 
means when said clutch members are maintained in 
full engagement by engagement between said ra- 
dial flange and said at least one ball; 

means for maintaining said clutch members fully out 
of engagement when said slidable coupling is in 
said second position; 

said clutch, urging means, and maintaining means, 
being effective in both directions of rotation of said 
input shaft 

3. The gearbox as claimed in claim 2 wherein: 

said slidable coupling is capable of limited angular 
movement relative to said one of said low speed 
output drive of said reduction gear mechanism and 
said output shaft; and 

said low speed output drive comprises a hollow part 
having a wall radially interposed between said 
slidable coupling and said clutch and at least one 
aperture in said will receiving said at least one ball, 
said aperture having two generally helical edges of 
opposite hand, so that, iii use, when said one axially 
movable clutch member begins to move away from 
said other clutch member and said slidable cou- 
pling comes into engagement with said other of the 
low speed output drive and said output shaft, lim- 
ited relative angular movement of said one of the 
low speed output drive and said output shaft, on 
the one hand, and said slidable coupling, on the 
other hand, will cause said at least one ball to move 
along one of said two generally helical edges of 
said aperture to move said slidable coupling into 
full engagement with the other of the low speed 
output drive and said output shaft driven and driv- 
ing clutch members fully out of engagement. 

4. The gearbox as claimed in claim 3, wherein: 
mutually engageable teeth are provided on said one 

of the low speed output drive of the reduction gear 
and said output shaft, and said slidable coupling, 
said teeth being arranged to provide for said lim- 
ited angular movement and which drivingly con- 
nect said slidable coupling to said one of the low 
speed output drive and said output shaft when said 
slidable coupling is in full engagement with the 
other of the low speed output drive and said output 
shaft. . 

5. The gearbox as claimed in claim 1 wherein: 
said clutch comprises a torque sensitive clutch; and 
said driving and driven clutch members are in full 

engagement when the torque applied to said output 
shaft is below a predetermined value. 

6. The gearbox as claimed in claim 5 wherein: 

said means for releasably maintaining said clutch 
members in full engagement comprises a compresr 
sion spring. 

7. A two speed gearbox comprising: 
an input shaA and an output shaft; 

a reduction gear mechanism drivable by said input 
shaft and having a high speed low torque output 
drive and a low speed high torque output drive; 

a torque sensitive clutch having driving and driven 
clutch members, one of which is axially movable 
relative to the others, said clutch connecting said 
high speed output drive to said output shaft when 
said clutch members are fully engaged, the full 
engagement being when the torque applied to said 
output shaft is below a predetermined value; 

a slidable coupling rotatable with one of the low 
speed output drive and the output shaft and mov- 
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able between a first position in which said coupling 
is disconnected from the other of said low speed 
output drive and the output shaft and a second 
position in which said coupling is connected 
thereto for driving said output shaft; ^ 

means for urging said sUdable coupling towards said 
second position; 

compression spring means for releasably maintaining 
said chitch members in full engagement; ' 

means for varying the compression of said spring and 
thereby the torque at which the clutch will oper- 
ate; 

said slidable coupling being maintained in said first 
position against the force of said urging means 
when said clutch members are maintained in fuU 
engagement; and 

means for maintaining said clutch members fully out 
of engagement when said slidable coupling is in 
said second ptosition; 20 

said clutch, urging means, and maintaining means, 
being effective in both directions of rotation of said 
input shaft. 

8. A two speed gearbox comprising: 

an input shaft and an output shaft; 25 

a reduction gear mechanism drivable by said input 
shaft and having a high speed low torque output 
drive and a low speed high torque output dhv^ 

a torque sensitive clutch having driving and driven 
clutch members, one of which is axially movable 30 
relative to the other, said clutch connecting said 
high speed output drive to said output shaft when 
said clutch members are fully engaged, the full 
engagement being when the torque applied to said 
output shaft is below a predetermined value; 35 

a slidable coupling rotatable with one of the low 
speed output drive and the output shaft and mov- 
able between a first position in which said coupling 
is disconnected from the other of said low speed 
ou^ut drive and the output shaft and a second ^ 
position in which said coupling is connected 
thereto for driving said output shaft; 

means for urging said slidable coupling towards said 
second position; 

a fluid pressure operated device connected to said 
one axially movable clutch member via a thrust 
bearing for releasably maintaining said clutch 
members in full engagement, being such that said 
one axially movable clutch member win move 
away &om the other clutch member when the 
torque applied to said output shaft exceeds said 
predetermined valu^ 

said slidable coupling being maintained in said first 
position against the force of said urging means 
when said clutch members are maintained in full 
engagement; and 

means for maintaining said clutch members fully out 
of engagement when said slidable coupling is in 
said second portion; ' ^ 

said clutch, urging means, and maintaining means, 
being effective in both directions of rotation and 
said input shaft. 

9. A two speed gearbox comprising: 

an input shaft and an output shaft; 65 
a reduction gear mechanism drivable by said input 
shaft and having a high speed low torque output 
drive and a low speed hi^ torque output drive; 
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a clutch having driving and driven clutch members,, 
one of which is axially movable relative to the 
other, said clutch connecting said high speed out- 
put drive to said output shaft when , said clutch 
members are fully engaged; 

a slidable coupling rotatable with one of the low 
speed output drive and the output shaft and mov- 
able between a first position in which said coupling 
is disconnected from the other of said low speed 
output drive and the output shaft and a second 
position in which said coupUng is connected 
thereto for driving said output shaft; 

means for urging said slidable coupling towards said 
second position; 

means for releasably maintaining said clutch members 
in full engagement comprising a fluid pressure op- 
erated device coimected to said one axially mov- 
able clutch member via a thrust bearing, the force 
applied by the fluid pressure operated device being 
such that the clutch members will be maintained in 
engagement regardless of the torque applied to the 
output shaft until that force is at least reduced; 

said slidable coupling being maintained in said first 
position against the force of said urging means 
when said clutch members are maintained in full 
engagement; and 

means for maintaining said clutch members fully out 
of engagement when said slidable coupling is in 
said second position; 

said clutch, urging means, and maintaining means, 
being effective in both directions of rotation of said 
input shaft. 

10. The gearbox as claimed in claim 1, wherein: 
said driving clutch member is effectively axially fixed 

relative to said reduction gear mechanism; 
said driven clutch member is axially movable relative 

to said driving clutch member; and 
said slidable coupling is rotatable with the low speed 

ou^ut drive of the reduction gear mechanism. 

11. The gearbox as claimed in claim 2 wherein: 
said driving clutch member is effectively axially fixed 

relative to said reduction gear mechanism; 
said driven clutch member is axially movable relative 

to said driving clutch member; and 
said sUdable coupling is rotatable with the low speed 

output drive of the reduction gear mechanism. 

12. The gearbox as claimed in claim 7 wherein: 
said driving clutch member is effectively axially fixed 

relative to said reduction gear mechanism; 
said driven clutch member is axially movable relative 

to said driving dutch memben and 
said slidable coupling is rotatable with the low speed 

output drive of the reduction gear mechanism. 

13. The geart>ox as claimed in claim 8 wherein: 
said driving clutch member is effectively axially fixed 

relative to said reduction gear mechanism; 
said driven clutch member is axially movable relative 

to said driving clutch member; and 
said slidable coupling is rotatable with the low speed 

output drive of the reduction gear mechanism. 

14. The gearbox as claimed in claim 9 wherein: 
said driving clutch member is effectively axially fixed 

relative to said reduction gear mechanism; 
said driven clutch member is axially movable relative 

to said driving clutch member; and 

said slidable coupling is rotatable with the low speed 

output drive of the reduction gear mechanism. 
« « « • * 
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